Abstract High levels of insulin-like growth factor-1 (IGF-1) have been associated with increased risk of developing several types of cancer including breast cancer. A set of nine haplotype tagging SNPs (htSNPs) in the IGF1 gene were associated with IGF-1 levels and prostate cancer in a Swedish population. We aimed to study the nine htSNPs in three haplotype blocks (block1: rs855211, rs35765, rs2162679; block2: rs1019731, rs7956547, rs5742632; and block3 rs2033178, rs7136446, rs6220) combined into diplotypes, and three additional SNPs (rs5742612, rs35765817, rs35455143) in relation to IGF-1 levels, BRCA status, the IGF1 CA-repeat microsatellite, and breast cancer in a population of 325 Swedish women from breast cancer high-risk families. Questionnaire data and blood samples for IGF-1 and genetic analyses were obtained twice during the menstrual cycle from 269 women aged 40 years or younger. SNP analyses were also performed in 56 BRCA1/2 mutation carriers. Women (n = 14) with any rare variant block1 diplotype had higher odds to be BRCA1 mutation carriers OR 4.1 (95% CI 1.4-12.2), to lack the common IGF1 19 CA-repeat allele OR 33.3 (95% CI 6.6-166.7), and were more likely to develop early-onset breast cancer (Log Rank P \ 0.001) than women with common block1 diplotypes. In the subgroup of BRCA1 mutation carriers, block1 rare diplotypes were associated with earlier diagnosis (Log Rank P = 0.031). No association was found between IGF-1 levels and individual SNPs or diplotypes. If confirmed, these rare diplotypes may identify women with particularly high risk for early-onset breast cancer and this group should be included in forthcoming studies. 
Introduction
Insulin-like growth factor-1 (IGF-1) is important for normal breast development [1] . It stimulates cell proliferation and decreases apoptosis [2] . High levels of circulating IGF-1 have repeatedly been associated with several types of cancer, including prostate and premenopausal breast cancer [3] [4] [5] . The levels of circulating IGF-1 are highly influenced by genetic factors [6] , and several polymorphic variants including single nucleotide polymorphisms (SNPs) and microsatellites have been associated with both IGF-1 levels and breast cancer risk [7] [8] [9] [10] . SNPs (rs35765817, rs35455143, and rs3839984) located in evolutionary conserved regions (ECR) close to binding sites for a transcription factor that is important for IGF-1 expression were associated with circulating IGF-1 levels in a study of Caucasian women [10] . Another SNP (rs5742612) was found to be in linkage disequilibrium (LD) with variations in a microsatellite 969 bp upstream from the IGF1 transcription start site among Singapore Chinese women [11] .
Haplotype tagging SNPs (htSNPs) can be used as markers that cover the majority of genetic diversity of several individual SNPs. In the IGF1 gene, a set of nine htSNPs (rs855211, rs35765, rs2162679, rs1019731, rs7956547, rs5742632, rs2033178, rs7136446, and rs6220) in three haplotype blocks with three htSNPs in each was studied in relation to prostate cancer risk in a Swedish population. One haplotype (TCC in block three) in the 3 0 region of the gene was associated with increased risk of developing prostate cancer [12] .
Genetic variations in genes other than IGF1 are likely to also influence IGF-1 levels. BRCA1 has been shown to interact with IGF signaling. In Brca1-deficient mice, the expression of IGF1R, IRS1, and IGFBP2 was increased and so were the serum levels of IGF-1 compared with those of control mice expressing Brca1 [13] . BRCA1 suppresses IGF1R promoter activity in MCF-7 breast cancer cell lines [14] . In one study, the IGF1R levels were higher in tumors from BRCA1 mutation carriers compared with non-carriers [15] . IGF-1 is also important for intrauterine growth and BRCA1 mutation carriers have been reported to be smaller than non-carriers from BRCA1 mutation families [16] , which further supports a link between BRCA1 and IGF-1. Moreover, we have previously reported an association between absence of the common IGF1 19 CA-repeat polymorphism and BRCA1 mutation status [17] . Absence of the 19 CArepeat has been associated with increased premenopausal breast cancer risk [7, 8] . BRCA1 and BRCA2 mutation carriers have a substantially increased risk of developing breast cancer. However, the lifetime risk estimates range from 20 to 80% [18] , a range that suggests that risk modifying genetic and non-genetic factors play an important role in carcinogenesis. We hypothesized that other genetic variations in the IGF1 gene may, by altering IGF-1 levels, contribute to the variation in breast cancer susceptibility between and within families with a high risk of developing breast cancer.
The first aim of our study was to determine the frequencies of the SNP in LD with the IGF1 microsatellite (rs5742612), two of the SNPs in the ECR (rs35765817 and rs35455143), and the nine individual htSNPs in the IGF1 gene identified in the Swedish prostate cancer study within a population of women from Swedish breast cancer highrisk families. The second aim was to determine whether circulating IGF-1 levels were associated with the SNPs and diplotypes. The third aim was to determine diplotype frequencies in relation to BRCA status, IGF1 CA-repeat genotypes and breast cancer risk.
Materials and methods

Study population
The study population consisted of 325 ethnic Swedish women from 194 breast cancer high-risk families, from the Lund Oncogenetic Clinic. The original population included 269 young healthy women with varying BRCA mutation status from 161 families. These women were 40 years or younger at the time of enrollment between 1996 and 2006. They were all menstruating, had no history of cancer, and no prophylactic mastectomy or bilateral oophorectomy. Blood samples, taken twice during the menstrual cycle on day 5-10 and again on day 18-23 (5-10 days before the predicted onset of the next menstrual period), were used for genetic and hormonal analyses. Women were asked to call back with the date of the first day of their next menstrual period. Plasma and blood cells were separated and frozen at minus 70 degrees Celsius at the laboratory of the Department of Oncology, Lund. Body measurements were taken at both visits when blood samples were collected. Each woman also filled out a questionnaire including questions on lifestyle and reproductive factors such as use of oral contraceptives. Written informed consent was obtained from all women. IGF-1 levels were analyzed in 258 women and 267 consented for genetic analyses. BRCA1/2 mutation testing was not performed as a part of this study but data on mutation status was obtained from the Lund Oncogenetic Clinic.
In addition, 56 women (40 BRCA1 and 16 BRCA2 mutation carriers from the South Swedish Health Care Region born between 1950 and 1988), were included irrespective of cancer status and whether they had undergone prophylactic mastectomies or oophorectomies. No hormone analyses were performed on these blood samples but the women had consented to genetic analyses. Questionnaire data was available for some, but not all of these women.
The local ethics committee at Lund University approved the study.
Genotyping of IGF1 htSNPs
Genomic DNA Purification Kit (Promega, Madison, WI, USA) was used to extract DNA from 300 lL of peripheral blood. All SNPs were genotyped at Region Skåne Competence Centre (RSKC Malmö), Malmö University Hospital, Malmö, Sweden. The SEQUENOM massAR-RAY Ò designer software was used for multiplex SNP analysis design. The analyses were performed on a matrixassisted laser desorption/ionization time-of-flight mass spectrometry on a Sequenom MassARRAY Ò platform (Sequenom, San Diego, CA, USA) using iPLEX reagents according to the manufacturers' protocol. Three SNPs did not work well on iPLEX. The SNPs (rs855211, rs6220, and rs2033178) were genotyped using a Taqman SNP allelic discrimination assay in 384-well format on ABI PRISM 7900 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). For quality control 40 samples were run in duplicate. The concordance was 100% for all validated SNPs. The call rates were 90% for rs855211 and over 97% for the remaining SNPs.
Diplotype construction
HtSNPs can be used to construct haplotypes and since we have two copies of IGF1, we constructed paired haplotypes called diplotypes. By crosstabulation of each htSNP in one block against the other SNPs in the same block, all possible linkage combinations were identified. Sometimes several combinations were equally likely, see Fig. 1 . For statistical analyses, diplotypes with less than 10 carriers were grouped into a composite category of ''rare diplotypes''. In block 1 the ''rare variant'' diplotype consisted of 14 women with six or seven different diplotypes (six genotypes, one with two possible combinations). Block 2 ''rare diplotypes'' included 22 women with six or seven different diplotypes and block 3 included 29 women with six different diplotypes. Hormone analysis IGF-1 was analyzed in EDTA-plasma taken during cycle day 5-10 and day 18-23 from 258 women of the original study population. The analyses were performed at the Endocrinological Laboratory of Karolinska Hospital, Stockholm, Sweden, using a radioimmunoassay (RIA) method as previously described by Bang et al. [19] . IGF-1 was separated from IGFBPs by acid ethanol extraction followed by cryo-precipitation. Recombinant human IGF-1 (Kabi-Pharmacia, Stockholm, Sweden) was used as standard. The international IGF-1 standard was delivered by the National Institute of Biological Standards and Control, London, Great Britain. The intra assay variation was 4% and the inter assay variation was 11%. The limit of detection was 6 lg/L. IGF-1 levels were missing during cycle day 5-10 for one woman. For several of the OC users, the samples obtained during cycle day 5-10 were collected during their pill-free week.
Follow-up
Women were considered at risk for breast cancer from age 20 and were followed until the development of a first breast cancer according to the Regional Cancer Registry, until the date of a self-reported prophylactic mastectomy or oophorectomy, or until May 31 2009, whichever came first. The women in the study who were considered to have a highrisk of developing breast cancer were offered clinical follow-up including annual mammograms, ultrasounds or magnetic resonance imaging and physical examination of the breasts. The report rate of the Swedish cancer registries is close to 100%.
Data analyses
All statistical analyses were performed using the statistical software PASW 17.0 (formerly known as SPSS). Women who were currently breast feeding (n = 4) or using hormonal contraceptives other than combined OCs (n = 19), or both (n = 1), were excluded from analyses of IGF-1 levels. Two women did not report the onset of their next menstrual period. Non-standardized and standardized means and 95% CIs were calculated for OC users and nonusers combined as well as stratified according to current OC use. Non-standardized means for IGF-1 levels according to diplotypes were obtained using one-sample t tests. For standardized levels, multivariate linear regression analyses were performed for each single SNP variant with the ancestral variant as reference and the hetero-and homozygous variant alleles coded as dummy variables in the analyses. Each diplotype was entered in separate multivariate analyses. IGF-1 levels were standardized at age 29 years, weight 67 kg, day 7 or 7 days until the next period (i.e. day 21 in most women). When analyses of OC users and non-users were combined, the IGF-1 levels were standardized to non-use. The diplotype distribution among women from different BRCA-family categories was studied using Chi-square tests. Breast cancer free survival rates (from 20 years of age) in relation to different genotypes were assessed using Kaplan-Meier log-rank test and Cox regression models. Due to the large number of individual SNPs tested, we considered a P-value of \ 0.001 as statistically significant when analyzing IGF-1 levels in relation to individual SNPs. Nominal P-values are presented, All P-values are two-sided.
Results Table 1 shows the characteristics of all 325 women and of the subgroup of 231 women included in the IGF-1 analyses. Genotype frequencies for each SNP, block compositions and frequencies of most likely diplotypes are shown in Fig. 1 . Based on cross-tabulations, we found that the combination of rs2033178 CC, rs7136446 TC and rs6220 TC in block 3, most likely generates a mix of the two possible diplotypes CCC/CTT and CCT/CTC and we therefore present the genotypes as CC/CT/TC.
IGF-1 levels and IGF1 SNPs
Standardized levels of IGF-1 during cycle days 5-10 and 18-23 were calculated for all 231 women as well as for the 143 non-users and the 88 current OC users separately (Tables 2, 3 ). IGF-1 levels did not differ significantly according to individual htSNPs or the three additional SNPs among all women, or when stratifying according to current OC status. No trend was observed for increasing or decreasing IGF-1 levels for any of the SNP variants.
IGF-1 levels and IGF1 diplotypes
We examined IGF-1 levels in relation to diplotypes in all women, current OC users and non-users during cycle days 5-10 and 18-23, Fig. 2a and b. Only the composite group of rare variant diplotypes in block 1 had lower levels during cycle day 5-10 compared with the women with other diplotypes in all women (P = 0.006) and non-users (P = 0.03), adjusted for age, weight, menstrual cycle day, and OC use. No association between rare variant diplotype and IGF-1 levels was seen in current OC users.
Diplotype distribution according to BRCA family status
The diplotype frequencies were examined according to BRCA family status for all women with available diplotypes belonging to either a family with a confirmed BRCA1 or a BRCA2 mutation, or to a family where no mutation has been identified (''BRCAX''). Women from untested families were excluded. No significant differences in diplotype distribution was observed. Including only the first assigned woman from each family did not change the result.
Diplotype distribution according to BRCA mutation status BRCA1 mutation carriers more often had a rare diplotype in block 1, OR 4.1 (95% CI 1.4-12.2; P = 0.007) compared with other women. BRCA1 mutation carriers had also more often a rare diplotype in block 2 compared with other women OR 2.8 (95% CI 1.1-6.8; P = 0.021). Moreover, BRCA1 mutation carriers had higher odds of having one of the variants of a htSNPs in block 1, rs2162679 GG, OR 11.2 (95% CI 1.2-109.8, P = 0.009) than other women. Figure 3a -c.
IGF1 CA-repeats in relation to diplotypes
The IGF1 CA-repeat allele was successfully genotyped for 260 women and diplotypes in block 1 were available for 232 of these. Women with a rare diplotype in block 1 were more likely than the other women to lack the common IGF1 19 CA-repeat allele OR 33.3 (95% CI 6.6-166.7; IGF1 polymorphisms in high-risk women 179 P \ 0.001). IGF-1 measurements were only available for two women with rare diplotypes in the group of current OC users. The rs5742612 SNP was successfully genotyped for 259 women. In line with a previous study in Singapore Chinese women [11] , we also found LD between the two polymorphisms. The 21 CA-repeat was found in 9% of the women with the rs5742612 TT genotype (n = 235), 52% of the women with the TC genotype (n = 23) and the only woman with the CC genotype was homozygous for the 21 CA-repeat allele, (100%). This SNP was not associated with IGF-1 or breast cancer.
Diplotypes in relation to breast cancer
After inclusion of the 56 additional BRCA mutation carriers, there were 23 women diagnosed with breast cancer. Having a rare variant diplotype in block 1 was significantly associated with a higher risk of developing breast cancer (Log Rank P \ 0.001), Fig. 4a . The number of women in this group was very small (n = 14) and the rare variant diplotype group consisted of several different diplotypes. Four women with rare diplotypes in block 1 had been diagnosed with breast cancer, and they had three different diplotypes. No other diplotype was associated with breast cancer risk.
Since women with rare diplotypes in block 1 were more likely to have been diagnosed with breast cancer and also more likely to be BRCA1 mutation carriers, the hazard analysis was also restricted to BRCA1 mutation carriers, Fig. 4b . Having a rare diplotype in block 1 was not only associated with a higher risk of developing breast cancer but was also associated with earlier diagnosis of a first breast cancer among BRCA1 mutation carriers (Log Rank P = 0.031).
Discussion
Minor allele frequencies of the nine htSNPs were essentially in line with the findings of a previous study of a healthy Swedish male population [12] . Only the composite group of rare diplotypes in block 1 was associated with IGF-1 levels. Stratification on OC use did not indicate effect modification of OC use on IGF-1 levels for any of the diplotypes. The odds of having a rare diplotype in block 1 was higher in BRCA1 mutation carriers and in women lacking the common IGF1 19 CA-repeat allele. The rare diplotype group of block 1 was associated with an increased hazard of a first breast cancer and with a younger age at diagnosis in BRCA1 mutation carriers.
SNPs in relation to IGF-1 levels and cancer risk and risk factors
The SNPs in the present study were chosen based on previous studies by Johansson et al. [12] who studied IGF1 htSNPs in relation to prostate cancer and IGF-1 levels in Swedish populations. They found that the TCC haplotype of block 3 was associated with an increased risk for prostate cancer. They also reported that the TCC haplotype, and two of the three htSNPs tagging this haplotype, were associated with increased levels of IGF-1 in men [20] . In the later study they did not study block 1 or 2 in relation to IGF-1 levels.
In the present study, none of the three SNPs included in the TCC haplotype was associated with IGF-1 levels. The group of women with the diplotype potentially containing the TCC haplotype had non-significantly higher IGF-1 levels when all women were included in the analysis, as well as when the analysis was restricted to women not currently using OCs. Major differences in age and in gender as well as potential differences in lifestyle and diet/ nutrition status may account for the differing results between this study and Johansson's et al.'s study. A large study assessing some of the htSNPs included in the present (a) (b) study (rs5742612, rs1019731, rs7956547, and rs2033178) as well as a number of other SNPs in the IGF1 gene found associations between diplotypes and circulating IGF-1 levels [21] . However, the study did not take into account age, BMI, OC use, parity, or cycle day of blood draw [22] . We measured IGF-1 levels in two blood samples from each woman and estimated values standardized for age, weight, and menstrual cycle day. We also stratified according to OC status. The stratifications resulted in smaller groups than would otherwise have been the case. A larger study population would be beneficial given that the current study already includes the majority of the healthy women from high-risk breast cancer families in the South Swedish health care region, a larger study population would have to include women from other areas of Sweden or other countries. IGF-1 levels measured in several blood samples during a menstrual cycle for each woman could have improved the estimates. Nutrition status influences circulating IGF-1 levels [23] , but we lacked the information required to be able to adjust for this variable in the current study. However, fasting status at the time of blood draw did not affect the results (data not shown). Rs1019731 has been associated with increased risk for ovarian cancer [24] . Another large study of IGF-1 polymorphisms, IGF-1 levels and breast cancer risk reported no association between this SNP and circulating IGF-1 levels or breast cancer risk [25] . We did not study ovarian cancer in the present study.
In one study of IGF-1 levels and breast density, the three htSNPs in block 3 (rs2033178, rs7136446 and rs6220) were shown to be associated with elevated IGF-1 levels, but the relationship with breast density was indecisive [26] . Another study of IGF1 SNPs and breast density among postmenopausal women included a haplotype of rs6220 and rs2162679 that was associated with breast density but the association did not remain significant after stratification by use of hormone replacement therapy [27] . Tamimi et al. [28] found IGF1 SNPs associated with mammographic density but only one of the SNPs in the current study was included (rs1019731). We did not study breast density in the present study.
Rs 2033178, rs1019731, rs2162679 and rs35765 (among others) were studied in relation to age at menarche in Caucasian women. These SNPs were not associated with age at menarche while others were [29] .
Diplotypes
We studied the htSNPs combined as diplotypes since we believe that diplotypes better represent the genetic composition of each woman. The use of diplotypes results in smaller subgroups, since women without complete SNP genotyping are excluded and more combinations are possible than for individual SNPs. In the analyses of diplotypes in relation to IGF-1 levels, diplotypes with less than 10 carriers were grouped into the composite category of ''rare diplotypes''. Johansson et al. [12, 21] excluded such rare haplotypes from the analyses, and we were therefore unable to compare our results with their data. We found that the rare block 1 diplotypes were associated with absence of the IGF1 19 CA-repeat allele, BRCA1 mutation status and with an increased risk of developing early-onset breast cancer. These rare diplotypes could hypothetically be due to genotyping errors, but we do not consider such an explanation likely since the validation samples showed 100 percent concordance. Rather, these rare diplotypes may indicate genetic conditions in the IGF1 gene that are evolutionary unfavorable, thus explaining why they are not very common. They may also tag for abnormalities in the IGF1 gene that may contribute to the risk of developing breast cancer since four of the nine women included in the group of rare diplotypes of block 1 were diagnosed with breast cancer. Since our women were selected from families with high penetrance of breast cancer, it is likely that other low penetrance polymorphisms, associated with breast cancer, segregate at a higher frequency in this population than in the general population [30] . However, as stated above, we were unable to compare our data to Johansson et al. [12, 21] . Absence of the IGF1 19 CA-repeat allele has been associated with a four-fold increased risk of developing breast cancer among women with a family history of breast cancer and even higher risk if the woman had ever used OCs [8] . The majority ([90%) of the women included in the present study had used or were current users of OCs. Therefore, we believe that the higher proportion of breast cancer cases among the women with rare diplotypes in block 1 may partly be driven by the lack of the IGF1 19 CA-repeat allele. A previous study based on results from a subset of the current cohort's population showed that women lacking the IGF1 19 CA-repeat allele had higher IGF-1 levels during OC use [7] . Since the block 1 rare variant group was associated with absence of 19 CA-repeat allele, and use of OCs among women with absence of the 19 CA-repeat allele is associated with increased breast cancer risk, the higher frequency of early breast cancer in the women with rare block 1 diplotypes was not surprising. However, since IGF-1 measurements were only available for two women with rare diplotypes in the group of current OC users, we could not investigate the relationship between IGF-1 levels and block 1 rare variant diplotypes in OC users. We do not know whether the increased risk for earlier onset breast cancer was driven by the absence of the common 19 CA-repeat allele or by the rare variant diplotype. However, these rare IGF1 genotype variants were more common in BRCA1 carriers and confirmed an increased risk for very early-onset breast cancer among BRCA1 mutation carriers. Since almost all women had used OCs at some point, we hypothesized that rare IGF1 genotypes in combination with OCs are especially detrimental in high-risk women.
One study of IGF1 htSNPs among BRCA1 and BRCA2 mutation carriers did not see any association between diplotypes and breast cancer [31] . However, Neuhausen et al's. study differs from the present study in a number of ways. Their htSNPs were not selected specifically for a Caucasian population even though they studied a Caucasian cohort and D'Alosio et al. [21] has shown the importance of ethnic specific tag SNPs in IGF1. Aside from SNP rs6220, Neuhausen et al. investigated different htSNPs. Moreover, they constructed haplotypes instead of diplotypes, which makes less biological sense, since IGF1 is expressed on two alleles. In our study, rare diplotypes in block 1 and 2 were more common in BRCA1 mutation carriers than in other women. We hypothesize that the rare diplotype variants may confer some form of survival advantage during fetal life among BRCA1 mutation carriers, maybe through crosstalk between the genes [15] .
In conclusion, neither the individual SNPs, nor the htSNPs combined as diplotypes were associated with IGF-1 levels in this study. These findings do not exclude the possibility that these SNPs or diplotypes maybe useful markers for breast cancer risk. A high proportion of women diagnosed with breast cancer had rare diplotype variants in (a) (b) Fig. 4 Influence of rare IGF1 diplotypes in block 1 on cumulative hazard of a first breast cancer among a all women and (Log rank P \ 0.001). b BRCA1 mutation carriers (Log Rank P = 0.031). The number of women at each follow-up time is indicated below the graphs IGF1 polymorphisms in high-risk women 183 block 1. Having a rare variant was also associated with two other genotypes associated with an increased risk of developing early breast cancer, absence of the IGF1 19 CA-repeat allele and BRCA1 mutation, and predicted earlyonset breast cancer beyond the effect of a BRCA1 mutation. These rare diplotypes may identify women with particularly high risk for early-onset breast cancer and data on rare variant diplotypes should be included in forthcoming studies. However, our study warrants confirmation in an independent population.
